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法制备出粒径大小为 10 nm，具有超顺磁性的 Fe3O4 纳米粒，对其进行了 SiO2 氨
基化修饰，透射电镜下证实分散性良好；通过偶联羧基化聚合物，与薄膜分散法
制备的载紫杉醇和光敏剂酞菁锌的 Pluronic 胶束进行自组装，制备出载双药的磁
性纳米药物，其粒径为 277.9 nm、Zeta 电位为-17.1 mV，X 射线衍射分析证明
































Multidrug resistance (MDR) is one of the main reasons for the failure of 
chemotherapy for breast cancer, there is of great theoretical and clinical significance to 
further study the strategy to reverse multidrug resistance in breast cancer. 
Paclitaxel (PTX) has been one of the most successful anti-cancer drugs in clinical 
application. PTX mainly exists in the mixture such as Cremophor EL/absolute ethanol 
like Taxol○R  to increase solubility. Unfortunately, serious side effects of Taxol, such as 
hypersensitivity, nephrotoxicity, poorly targeting and multidrug resistance inducing 
have been reported. There is great need to develop some novel PTX-loaded carriers in 
worldwide. 
To solve problems mentioned above, this paper aims to develop a versatile PTX 
drug delivery nanoparticles system which can reverse multidrug resistance in tumor, 
and have the dual function of magnetic targeting and photodynamic therapy 
(photodynamic therapy, PDT). The modificated 10 nm magnetic nano-particles were 
prepared by hydrothermal coprecipitation firstly, the spherical morphology of 
Fe3O4@SiO2 nanoparticles and amino-functionalized Fe3O4@SiO2 were confirmed by 
transmission electron microscopy (TEM). Then dual drug-loaded Fe3O4@SiO2 
magnetic nanocomposites were prepared by self-assemble with pluronic micelles, 
which loaded paclitaxel and phthalocyanine zinc by thin-film dispersion method, the 
composites had the average particle size of 277.9 nm and the average zeta potential -
17.1 mV. The X-ray diffraction (XRD) analysis indicate the nanocomposites were in 
the same form with primitive lattice type, and the magnetic properties of the magnetic 
nanoparticles and the nanocomposites were characterized by the vibrating sample 
magnetometer. Secondly, MCF-7/MDR cell line was established by stepwise exposure 
of breast cancer line MCF-7 with stable growth of PTX. The resistance index (RI) of 
MCF-7/MDR cells was up to 36.24, this showed that an obvious cross-resistance to 

















Results showed that dual drug-loaded magnetic nanocomposites are more likely 
to be uptake by MCF-7 and MCF-7/MDR cells compared with paclitaxel solution in 
vitro, which indicate that the nanocomposites have the ability to reverse multidrug 
resistance in tumor. On the other hand, the nanocomposites can increase the sensitivity 
of the cancer cells to anti-cancer drugs and kill breast cancer MCF-7 cells more easily 
when combined with photodynamic therapy (dose:36 J/cm2). These results showed that 
the nanocomposites can enhance the sensitivity of the cancer cells to anti-cancer drugs 
with concentration-dependence. In vivo results showed that the quantity of PTX 
accumulated in tumor sites from the nanocomposites was 3.47 folds higher than that 
from the free group with the presence of external magnetic field after 8h, which 
demonstrated that the nanocomposites have a good potential for targeting therapy, 
fluorescence imaging, as well as the MRI (Magnetic Resonance Imaging). 
These results demonstrated that the prepared dual drug-loaded Fe3O4@SiO2 
magnetic nanocomposites can effectively reverse the multidrug resistance of the breast 
cancer cells, it is of great benefit to improve the clinical application value of PTX, and 
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紫杉醇 PTX Paclitaxel 
多药耐药 MDR Multidrug resistance 
临界胶束浓度值 CMC Critical micelle concentration 
酞菁锌 ZnPc  Phthalocyanine Zinc 
光动力治疗 PDT  Photodynamic therapy 
载药纳米药物 DNC Drug-loaded nano-complex 
磷酸盐缓冲液 PBS Phosphate buffered saline 
人乳腺癌细胞 MCF-7 Michigan Cancer Foundation-7 
   
   
   


































图 1.1中国女性 2000-2011癌症发病率趋势图 
Figure 1.1 Trends in incidence rate for celected cancers for females: China  




























Figure 1.2 Mechanism of multidrug resistance in tumor cells 
 
关于多药耐药机制的产生非常复杂，目前现有文献报道主要集中于以下几个


























包括常见的 P-糖蛋白、MRP1、MRP2、BCRP。P-糖蛋白是 ABC 超级家族的第
一位成员，作为药物外排泵的膜转运者，需要 ATP 为其提供能量[7]，因此 P-糖蛋
白在哺乳动物和人类肿瘤细胞中的过量表达将导致多药耐药[8]。 
为逆转肿瘤多药耐药，临床中可采用 MDR 抑制剂和化疗药物相结合治疗方












特异性和结合效力。主要包括 TariquidarXR9576，Zosuquidar LY335979，Laniquidar 
R101933 等[12]。 
基因治疗手段也是研究逆转肿瘤多药耐药的新策略，主要途径有利用 RNAi
或 SiRNA 沉默 P-糖蛋白相关基因的表达[13]。单克隆抗体在靶向作用 P-糖蛋白杀
死 MDR 细胞方面也有巨大潜力[14]。 



















































































影响多药耐药（MDR）来影响耐药细胞的 MDR 效应[29]。具体表现为 Pluronic 利
用消耗多药耐药肿瘤细胞内的 ATP 来抑制 P-糖蛋白参与药物外排的活动，改变
细胞凋亡信号转导和减少谷胱甘肽/谷胱甘肽-S-转移酶的作用，增强耐药细胞对
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